are subject to interconversions that depend on the reactants involved and the reaction conditions. The control of the nuclearity of the complexes can be achieved by changing the amount of azoles or by their protonation, alteration of the steric hindrance of the substituents in the heterocycles, and by changing the reaction temperature. Complexes 1-4 were characterized using elemental (C, H, N) analyses, ), and Pt II Á Á ÁPt II (3.9-11.7 kcal mol À1
Introduction
The abundance of pyrazole(ate)-based ligands is due to the ability of these species to bind metals in a variety of coordination modes, in particular, as bridging ligands. In addition, pyrazole(ate) fragments can be integrated into metal species as they are or as a functionality of more complex polydentate ligands, e.g.
polypyrazolylborates. 1 Metal complexes bearing pyrazole(ates)
of different types found applications as catalysts, 2 magnetic, [2] [3] luminescent, 2,4 gas storage or separation 2,4a,d materials, useful compounds for medicine 2 and biomimetic chemistry, 5 and also as precursors for CVD. 4b Several excellent reviews provide a general picture of the syntheses and application of pyrazole(ate) metal species. 2,3,4a,b,5 When pyrazolates act as bridging ligands, they are capable of forming metal complexes exhibiting different nuclearity. 4a,6 In particular, nickel(II) centers react with unsubstituted pyrazole (HPz) giving the 1D-chain polymers, [Ni(Pz) 2 ] n ( Fig. 1, type A) , as two thermochromic 7 crystalline phases. [7] [8] Nickel(II) complexes featuring bis-pyrazolate ligands form porous MOFs possessing high thermal robustness and exhibiting adsorptive properties 9 and, in particular, MOFs based upon Ni(bpb) (H 2 bpb = 1,4-(4-bispyrazolyl)benzene) act as a moisture resistant adsorbent toward thiophene. 11 The nuclearity of these complexes depends on the bulkiness of the 3-and 5-substituents in the pyrazolate moiety 11a and also on the reaction temperature. 11b It is reported that the sterically hindered substituents and low synthesis temperature favor dimetallic rather than trimetallic species. It is noteworthy that before our current work, interconversion of di-and trinuclear species (see later) had never been studied.
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The homodinuclear complexes of the type [Ni 2 ( Our goals were to develop a rational route to oligomeric Ni II complexes featuring the {Ni(m 2 -azolate) 2 } n fragment and to study how the nuclearity and structure of these Ni II -based pyrazolate oligomers depend on reaction conditions and the nature of the reactants.
Results and discussion
To study the Ni II -involving reactions between cyanamides and azole-type heterocycles we chose nickel salts NiX 2 ÁnH 2 O (X = Cl, OTf, n = 0; Br, n = 3; I, n = 6), N,N-disubstituted cyanamides NCNR 2 (R 2 = Me 2 , Et 2 , C 5 H 10 , C 2 H 4 OC 2 H 4 ), and also pyrazoles and indazole as depicted in Fig. 2 . We studied the reaction of dialkylcyanamides with the azoles in the presence of nickel(II) salts in methanol, where the nickel salts are well soluble. In these reactions, di-and trinuclear nickel(II) complexes bearing bridging m 2 -azolate and terminal 1,3,5-triazapentadienate (abbreviated as TAP) ligands were obtained as major products. We observed (see later) that the TAP ligand originates from an unusual cascade of Ni II -mediated and chelation-driven cyanamide-methanol integration, and that TAP generation is not affected by the presence of any one of the azoles. Methanol in the reaction serves as both a reagent and a solvent and in view of that we decided to study the Ni II -mediated reaction of dialkylcyanamides with different alcohols, whereupon we included the azoles in the tested systems. Our results are sequentially disclosed in the sections that follow. Although all four cyanamides underwent the reaction, two of them (R 2 = Me 2 , C 2 H 4 OC 2 H 4 ) demonstrated greater reactivity and gave higher yields of 2-4; these two cyanamides were also the most efficient in the generation of the TAP ligand (see previous section). The di-and trinuclear complexes were obtained for the substituted pyrazoles, i.e. HMe 2 Pz and HPh 2 Pz. Among the tested nickel salts, the highest yields of 2-4 were obtained with NiX 2 (X = Cl, OTf). Concurrently, the reaction with the unsubstituted pyrazole (R 0 = H) after 10 min (MeOH, either RT or 50 1C) gave the previously reported crystalline polymeric a-[Ni(Pz) 2 ] n (for its identification by powder XRD see Fig. S25 , ESI †), 8 which is poorly soluble in all commonly used solvents. For the systems NiX 2 /NCNR 2 /azole (X = Cl, OTf; R 2 = Me 2 ), the composition of the product depends on the temperature, anion X, and substituent R 0 in the heterocycle. For HMe 2 Pz and NiCl 2 at 50 1C, only trimer 4 was isolated (43%), while at RT both 2 and 4 species were obtained. Pure dimer 2 was obtained when excess of NCNR 2 was applied in the reaction with NiCl 2 (NiCl 2 : NCNR 2 ratio was 1 : 4 or 1 : 6) at RT and when Ni(OTf) 2 reacted with HMe 2 Pz and NCNR 2 at either RT, or at 50 1C (yield up to 25%). The HPh 2 Pz forms dimer 3 in all tested combinations of NCNR 2 and NiX 2 and the highest yield of 3 (34%) was obtained for the system NiCl 2 /NCNMe 2 /HPh 2 Pz (molar ratio 1 : 4 : 2). In other cases, the obtained optimal molar ratios between NCNR 2 and the azoles were 4 : 2 (2) and 1 : 4 (4) at a 0.1 M concentration of NiX 2 (1 equiv.). The reaction that involves the unsymmetrical indazole and NCNR 2 should potentially give a mixture of regiosiomeric species. Indeed, we observed using both NMR and HRESI-MS the generation of a broad spectrum of products that we failed to separate using column chromatography due to similar retention or to isolate the products in the pure form via fractional crystallization. A few single-crystals of [Ni 3 (m 2 -Ind) 4 Fig. S8 ).
Nickel
+ , [Ni(C 2 H 2 N 3 ) 2 (OMe) x (NMe 2 ) 4Àx + H] + (x = 1-4), [Ni 2 (m 2 -Ind) 2 - (C 2 H 2 N 3 ) 2 (OMe) x (NMe 2 ) 4Àx + H] + (x = 1-3), and [Ni 3 (m 2 -Ind) 4 - (C 2 H 2 N 3 ) 2 (OMe) x (NMe 2 ) 4Àx + H] + (x = 1-3) (ESI, †
X-ray crystallographic studies for 2-5
Single-crystal XRD studies were performed for 2-5 ( Fig. 3-6 ). The structure of 3 is built up of two crystallographically independent molecular units, whereas all other structures consist of one molecular unit. In the structures of the dimers and trimers, the nickel atoms exhibit square-planar environments formed with four N atoms from the TAP ligand or a substituted azolate (see more information regarding the X-ray crystallographic studies in the ESI †). Consideration of the crystallographic data suggests the presence of NiÁ Á ÁNi metallophilic interactions in the di-and Scheme 1 Reaction between the azoles, cyanamides, and nickel salts in methanol. Fig. S7 ) did not reveal NiÁ Á ÁNi interactions in 2 and 4. However, in 3, exhibiting the shortest NiÁ Á ÁNi distance, we succeeded to find an appropriate bond critical point (3, À1) (BCP) (Fig. 7) . The low magnitude of the Fig. 3 Molecular structure of 2 with the atomic numbering scheme. Thermal ellipsoids are given at the 50% probability level. Fig. 4 Molecular structure of 3 with the atomic numbering scheme. Thermal ellipsoids are given at the 50% probability level. Thermal ellipsoids are given at the 50% probability level. electron density (0.016-0.017 Hartree), positive values of the Laplacian (0.046-0.052 Hartree), and close to zero energy density (À0.001) in this BCP are typical for non-covalent interactions. We have defined energies (3.5-4.4 kcal mol À1 ) for this contact according to the procedures proposed by Espinosa et al. 39 and Vener et al. 40 The covalent contribution in the NiÁ Á ÁNi metallophilic interactions in 3 is negligible (for details see the ESI †). It is noteworthy that the estimate of the properties of electron density in BCP and energies for the metallophilic interactions NiÁ Á ÁNi in 3 weakly depends on the basis set used (relativistic or non-relativistic approaches). Although the analysis of the XRD data for 2-4 indicates that in all three cases NiÁ Á ÁNi separations are less that the double Bondi's van der Waals radius for Ni, the conducted DFT calculations allowed the reliable identification of these metallophilic contacts only in one case (complex 3 with the shortest NiÁ Á ÁNi distance). Even for 3, the theoretically determined energies of the nickel(II)Á Á Ánickel(II) interactions are rather low and certainly lower than those found for the Pd Taking all these into account, we believe that the emergence of nickel(II)Á Á Ánickel(II) interaction in 3 is, at least partially, determined by crystal packing effects.
Interconversions of 1-4
We found that di-and trinuclear complexes 2-4 could be converted to monomeric 1. In contrast, 1 could give 2-4 when reacting with the appropriate azole and NiCl 2 . Thus, complexes 2 and 4 in a chloroform solution transform to 1 by acidification with 1 equiv. HOAc and by keeping the mixture at 50 1C for 2 d (yields of 1 are 19 and 22%, respectively; Scheme 1, f and g); formation of 1 was confirmed using HRESI-MS and singlecrystal XRD. Acidification of a solution of 4 gives solely 1 with no traces of 2.
Heating of a mixture of 1 and NiCl 2 (a molar ratio of 1 : 1; MeOH solution) with HR These interconversions of 1-4 explain the relatively low yields of 2-4 and the strong dependence of the outcome of the reaction on the molar ratio of the reactants. Analysis of the reaction mixtures using HRESI-MS indicates the co-existence of several mono-, di-, and trimeric (azolate) 2 Ni II -based species, while their corresponding tetramers and nickel-containing species of higher nuclearities were not detected even upon prolonged heating of the resection mixtures at 50 1C in DMF or at 140-160 1C in HOCH 2 CH 2 OH.
Conclusions
The results of this work can be considered from the following main perspectives. We synthesized two triazapentadienateterminated di-and two trinuclear Ni II 2 ] could undergo interconversions depending on the reactants involved and the reaction conditions (Scheme 1).
The nuclearity of the complexes depends on the amount of azoles (or, in contrast, acid) in the system, steric hindrance of the substituents in the ring systems, and the temperature of the reaction. A higher amount of azoles leads to higher nuclearity systems, whereas the addition of an acid promotes conversion of trimers to dimers and then to [Ni(TAP) 2 ]. As it is more sterically demanding, due to the restricted rotational freedom in the complexes, H(3,5-Ph 2 )Pz forms only dimer 3, whereas H(3,5-Me 2 )Pz gives dimeric 2 and trimeric 4 species. Higher temperature favors the generation of trimeric 4 rather than dimeric 2.
All these observations open up a route to control both the nuclearity of nickel(II)-azole complexes and allows the synthesis of well-defined (azolate) 2 Ni II species. Partially our observations are in agreement with those reported previously for azolate species bearing the terminal CpNi fragment. 11 Although in these two studies the dependence of nuclearity on the amount of azole/acid was not established, the authors observed the dependence of the nuclearity of (azole)Ni II species on both the steric hindrance of azoles and temperature. We expect that our View Article Online data might be useful in the generation of nickel(II) systems of higher nuclearity in, e.g. solvothermal syntheses.
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Using XRD we detected unconventional nickel(II)Á Á Ánickel(II) metallophilic interactions in 3, and provided the first case where the availability of these metallophilic interactions was confirmed theoretically using a DFT method. Furthermore, we succeeded in getting an estimate of the energy for these noncovalent contacts (3. 5- (Fig. S9 -S12 of the ESI †). Microanalyses (C, H, N) were carried out on a Euro EA3028-HT instrument. A standard EDTA method was utilized for Ni analysis of complex 1. 43 Electrospray ionization mass-spectra were obtained on a Bruker micrOTOF spectrometer equipped with an electrospray ionization (ESI) source. The instrument was operated both in positive and negative ion modes in the m/z range 50-3000. For ESI, the complexes were dissolved in MeOH.
In the isotopic pattern, the most intensive peak is reported ( Fig. S8 and S13-S17, ESI †). GC-MS identification of the by-products from the synthesis of 1 was performed on a Shimadzu GCMS-QP2010 Ultra instrument equipped with a Stabilwax 30 m Â 0.32 Â 0.50 mm column. H} NMR (400.13 and 100.613 MHz, respectively) spectra were measured on a Bruker Avance 400 spectrometer in Me 2 SO-d 6 (for 1) and CDCl 3 (for 2-4) at ambient temperature; residual solvent signals were used as the internal standard (Fig. S17-S24, ESI †) . The TG-DTA study (Fig. S28-S31 , ESI †) was performed using a NETZSCH TG 209 F1 Libra thermoanalyzer and MnO 2 powder was used as a standard. The initial weights of the samples were in the range of 0.9-1.4 mg. The experiments were run in an open aluminum crucible in a stream of argon at a heating rate of 10 K min À1 .
The final temperature was 610 1C. Processing of the thermal data was performed using Proteus analysis software. 44 TLC was performed on Merck Silica gel 60G F 254 plates.
X-ray crystal structure determination
For single-crystal XRD experiments all crystals were fixed on a micro mount and placed on an Agilent Technologies SuperNova diffractometer using CuK a monochromated radiation (1, 3, 5) and on a Xcalibur, Eos diffractometer using MoK a monochromated radiation (2, 4) ; the crystals were measured at a temperature of 100 K. The structures were solved using the direct methods on a ShelXS 45 structure solution program (2, 3) and Superflip 46 structure solution program (1 and 4). All structures were refined by means of the SHELX program 45 incorporated into the OLEX2 program package. 47 The crystallographic data and some refinement parameters are given in Table S3 (ESI †). The carbon-bound and nitrogen-bound H atoms were placed in the calculated positions and were included in the refinement in the 'riding' model approximation, with U iso (H) set to 1.5U eq (C) and C-H 0.96 Å for the CH 3 groups, with U iso (H) set to 1.2U eq (C) and C-H 0.93 Å for the CH groups, and with U iso (H) set to 1.2U eq (N) and N-H 0.86 Å for the NH groups. Empirical absorption correction was applied in the CrysAlisPro program complex 21b using spherical harmonics, implemented in the SCALE3 ABSPACK scaling algorithm. The unit cell of 3 also contains disordered molecules of the solvent that have been treated as a diffuse contribution to the overall scattering without specific atom positions using SQUEEZE/PLATON. 48 Crystallographic data for this paper were deposited at the Cambridge Crystallographic Data Centre and the CCDC numbers are 1440113, 1440114, 1440621, 1442880, and 1453875. Polycrystalline samples were studied in the 2y range of 5-451 with a Bruker ''D2 Phaser'' powder diffractomer equipped with CuK a source monochromated radiation.
Computational details
The single point calculations for 2-4 have been carried out at the DFT level of theory using the M06 functional (this functional describes reasonably weak dispersion forces and non-covalent interactions) 49 with the help of the Gaussian-09 program package. 50 The experimental X-ray geometries were taken as starting points. Two approaches were used in the present work, viz. (i) the Douglas-Kroll-Hess 2 nd order scalar relativistic calculations 51 requested relativistic core Hamiltonian were carried out using the DZP-DKH basis sets 52 for all atoms;
(ii) the non-relativistic calculations were carried out using the standard 6-311+G* basis sets for all atoms. The topological analysis of the electron density distribution with the help of the atoms in molecules (AIM) method developed by Bader has been performed by using the Multiwfn program (version 3.3.4). 53 The Cartesian atomic coordinates for 2-4 are given in Table S2 (ESI †).
Syntheses and characterization
Generation of [Ni(TAP) 2 ] (1). Any one of the nickel(II) salts NiX 2 ÁnH 2 O (X = Cl, OTf, n = 0; Br, n = 3; I, n = 6; 0.5 mmol) was dissolved in MeOH (3 mL), and NCNR 2 (R 2 = Me 2 or C 2 H 4 OC 2 H 4 ; 2 mmol) was added to the solution. The green homogeneous reaction mixture was left to stand in air at RT for 2 weeks (or at 50 1C for 3 d) in a closed flask. The color of the reaction mixture gradually turned to bright-orange (X = Br, I) and a light-green precipitate was formed. In the case of X = Cl, the reaction mixture remained homogenous. The colorless crystals of Complexes 3 and 4 were prepared similarly to 2. NiCl 2 (64 mg, 0.5 mmol), MeOH (3 mL), NCNR 2 (R 2 = Me 2 or C 2 H 4 OC 2 H 4 ; 2 mmol), and HPh 2 Pz (220 mg, 1 mmol; for generation of 3) or HMe 2 Pz (192 mg, 2 mmol; for generation of 4) were used. The reaction occurred for 4 (3) and 5 (4) days.
[ (N-H); 3064 m, 2990 m, 2940 m, 2858 m n(C-H) ; 1618, 1606 vs. n(CQN); 1522 s n(C-N) Pz ; 1400 s n(C-O from OMe), 1232 m n(C-N). (Fig. S27, ESI †) . Conversion of 2 to 1. Complex 2 (14.2 mg, 0.025 mmol) was dissolved in CHCl 3 (1 mL) at RT, whereupon glacial acetic acid (1.2 mg, 0.02 mmol) was added to the solution. The bright yellow homogeneous solution formed was left to stand at 50 1C in a closed flask. After 2 d the color of the reaction mixture turned to pale yellow and a pale blue amorphous precipitate was released, which was centrifuged and the mother liquor was evaporated at RT to dryness. Pink crystals were grown from the mother liquor. The yield of 1 is 1. 
